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摘  要 
多环芳烃（PAHs）是一类由两个或两个以上苯环组成的持久性有机化合物，
在环境中广泛分布，以其致癌、致畸、致突变性严重威胁着生态环境和人类健康。
微生物降解是环境中 PAHs 去除的主要途径，而对 PAHs 微生物降解机制的阐明
成为 PAHs 生物修复领域中的研究热点。 
本研究将采集自漳州浮宫红树林湿地沉积物样品，在持续性的高浓度、混合




1. 利用高浓度（1000 mg L-1）、混合 PAHs（菲、芘、荧蒽和苯并[a]芘）为
碳源，结合改良的平板升华法，从漳州浮宫红树林湿地沉积物样品筛选到 3 株具
有 PAHs 降解能力的可培养单菌，编号为 F2，F19 和 B17。16S rRNA 基因鉴定
结果显示这三株细菌分别为新鞘氨醇菌属（Novphingobium）、海细菌属
（Marinobacterium）和海杆菌属（Marinobacter）。菌株 F2 与 Novosphingobium 
pentaromativorans US6-1
T的相似度为 99.9%，菌株 F19 与Marinobacterium litorale 
IMCC1877
T相似度最高，达到 96.8%，菌株 B17 与 Marinobacter mobilis CN46T
的相似度最高，达到 97.9 %。通过生理生化特性、脂肪酸成分的分析，G+C mol%
的测定和 DNA-DNA 杂交结果表明菌株 F19 和 B17 分别为海细菌属和海杆菌属
的一个新种。 
2. 分别测定了菌株 F2、F19、B17 和 US6-1 对菲、芘的降解能力，并采用
均匀设计方法优化了菌株 US6-1 对芘、荧蒽和苯并[a]芘等高分子量 PAHs 的降解
条件。优化后，US6-1 对芘、荧蒽和苯并[a]芘的降解能力分别达到了 6.46 mg L-1 
d
-1、6.86 mg L-1 d-1 和 4.74 mg L-1 d-1。这是首次将均匀设计方法运用于海洋细菌
PAHs 降解条件优化的研究报道。 
3. 运用双向电泳技术（2-DE）比较分析了 Novosphingobium sp. F2 在菲、芘
















在菲诱导 24 h 后增量表达的 11 个蛋白，经 MALDI-TOF-TOF-MS 鉴定获得包括
单加氧酶、双加氧酶，脱氢酶、脱羧酶等参与 PAHs 代谢的关键酶，以及调控其
它生理代谢过程的蛋白。 
4. 以蛋白鉴定结果为依据，成功克隆得到 PAHs 降解代谢过程中起关键作用
的酶环羟基化双加氧酶（RHD）和邻苯二酚 2，3－双加氧酶（C23O）的编码基
因。经序列分析，该 C23O 基因为尚未报道过的新基因，并实现了 C23O 基因在
宿主 E. coli BL21（DE3）中的表达。 


































Polycyclic aromatic hydrocarbons (PAHs), one class of organic pollutants 
consisting of two or more fused benzene rings, are widely distributed in the natural 
environment. They are carcinogenic, teratogenic, and mutagenic to living organisms 
and people health. The principle processes for their successful removal are currently 
believed to be microbial transformation and degradation. The fates of these 
compounds in the environment and the remediation of PAH-contaminated sites are, 
therefore, of high public interest.  
This research aims at obtaining new type PAHs degrading bacteria from Fugong 
mangrove sediment, capturing the key enzymes and genes involed in PAHs 
biodgradation with genomic, proteomic and transcriptomic techonologies, and 
elucidating PAHs biodegradation mechanism. The main results were as follows: 
1. Three PAHs degrading bacteria were isolated from mangrove sediment with 
high concentration of mix-PAHs. Phylogenetic analysis based on 16S rRNA gene 
sequences indicated that strain F2 belonged to the genus Novsphingobium, with 
highest sequence similarity to Novosphingobium pentaromativorans US6-1
T
 (99.9 %), 
strain F19
 
belonged to the genus Marinobacterium, with highest sequence similarity 
to Marinobacterium litorale IMCC1877
T 
(96.8% )and strain B17
 
belonged to the 
genus Marinobacter, with highest sequence similarity to Marinobacter mobilis 
CN46
T
 (97.9 %). The results of DNA-DNA hybridization experiments and 
physiological characterization also indicate that the F19 and B17 represents the novel 
species of Marinobacterium and Marnobacter respectively; 
2. The uniform design was used to optimize the degradation of three 
HMW-PAHs by N. pentaromativorans strain US6-1. The degraded pyrene 、
fluroanthene and benzo[a]pyrene were 6.46 mg L
-1
 d





 respectively. It is the first report that optimizing the degradation of 
HMW-PAHs by the marine bacterium with the uniform design; 
















conducted to identify proteins involved in the degradation. There were 12 protein 
spots increased after phenanthrene induced and 11 protein spots increased after pyrene 
induced. Several differential protein spots were indentified to be the key enzymes 
involved in PAHs degradation, including monooxygenase, dioxygenase, 
dehydrogenase, decarboxylase and some regulators which participate in other 
physiological metabolisms; 
4. The genes encoding ring hydroxylating dioxygenase alpha subuni (RHDα) and 
catechol-2,3- dioxygenase (C23O), which are two key enzymes in PAHs degradation, 
were cloned and the C23O gene was overexpressed in Escherichia coli BL21 (DE3);  
5. Real-Time PCR was used to compare the ring-hydroxylating dioxygenase 
alpha subunit (RHDα) and catechol-2,3- dioxygenase (C23O) gene expression 
induced by phenanthrene, pyrene and benzo[a]pyrene. The results indicated that the 
gene of these two enzymes were variously unregulated after exposure to phenanthrene 
and benzo[a]pyrene, and downregulated after exposure to pyrene. 

















第一章 前 言 
1. 多环芳烃（PAHs）在环境的分布与危害 
1.1 PAHs 简介 






化性质。一般来说，把含有三个或三个以下苯环结构的 PAHs 称为 LMW-PAHs
（Low Molecular Weight PAHs），如萘、菲等；含有四个或四个以上苯环的 PAHs
通常被称为 HMW-PAHs（High Molecular Weight PAHs），常见包括芘、苯并[a]
芘等。目前已经确定的 PAHs 及其衍生物超过了 400 种[1]。PAHs 在常温下通常
以固体形态存在，其粉末呈白色或黄绿色，随着苯环数量的增加，分子间极性降
低，其水溶性降低而脂溶性增大，熔点、沸点也随之升高。 
1.2 PAHs 的来源与分布 
环境中 PAHs 的来源包括天然生成和人为活动产生。自然界中天然生成的
PAHs 通过森林、草原的天然火灾；火山的喷发、地下煤层的自燃；微生物、藻
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